The house finch (Carpodacus mexicanus) is resident in tropical and subtropical regions as well as in localities having relatively severe winters. The extent of its winter acclimatization was assessed in freshly captured individuals of this species from southern California and Colorado. In severe cold stress tests involving exposure to Ta < -60 C, the former did not remain homeothermic any longer in winter than in late spring, whereas the Colorado birds did (8.8 vs. 97.5 min; P < .001). The capacity for winter acclimatization evident in these Colorado individuals was correlated with modest winter fattening, a response lacking in those from southern California. Freshly captured house finches from coastal Massachusetts were also studied in winter. These birds, whose ancestors were introduced to the Atlantic seaboard from California in 1940, remained homeothermic at Ta < -60 C for a period that was significantly longer and shorter than the ones for winter house finches from southern California and Colorado, respectively. The labile character of cold resistance in house finches was further established by study of birds captured in southern California and maintained in an outdoor aviary in Ann Arbor, Michigan. After 6 mo in captivity these birds showed a level of cold resistance in JanuaryFebruary similar to that observed in free-living Colorado birds in winter. Evidence is assembled suggesting that winter acclimatization is primarily metabolic in captive as well as free-living house finches.
INTRODUCTION
American goldfinches (Carduelis tristis) residing in Michigan are substantially more resistant to cold in winter than at other seasons (Dawson and Carey 1976). This seasonal improvement involves a form of metabolic acclimatization closely associated with winter fattening. These 12-15-g birds, whose feeding is confined to the daytime hours, typically begin winter nights with approximately 2 g of fat, their primary energy substrate in the cold (Carey et al. 1978 ). This pattern of winter acclimatization probably characterizes other finches of the subfamily Carduelinae indigenous to cold climates (e.g., siskins, redpolls, evening grosbeaks, and crossbills), but we are unsure of its applicability to still other members of this taxon with distributions lying principally outside of regions having severe winters 
SOURCES OF EXPERIMENTAL BIRDS
We studied freshly captured birds from Riverside, Riverside County, California; Boulder, Boulder County, Colorado; and coastal Massachusetts-localities differing in severity of winter climates, especially in the years during which our study was conducted (National Climatic Center 1979, 1980). The Massachusetts birds were collected in Plymouth, Plymouth County, and West Barnstaple, Barnstaple County. The three areas from which we obtained birds will be identified subsequently by the designations CA, CO, and MA, respectively. Coastal Massachusetts allows access to representatives of the introduced eastern population of house finches. In addition to studying freshly captured house finches, we also assessed cold resistance of birds being maintained in an outdoor aviary at Ann Arbor, Michigan, during winter 1979-1980. This aviary consisted of several flight cages measuring 1.22 m wide x 2.13 m high x 1.83 or 2.44 m long. These offered some shade and a roosting area that afforded shelter from wind and precipitation, but were otherwise open. Birds from a particular locality were housed together, segregated from other house finches. Those from Riverside, California, were the key individuals in this work with long-term captives, for we were anxious to determine whether exposure to an abnormally severe temperature regimen during fall and winter would enhance their winter acclimatization. These birds were captured in late spring 1979 and transferred to the Ann Arbor aviary in June 1979. Eastern house finches were also introduced into this aviary in May 1979. These had been captured in the vicinity of the District of Columbia (subsequently designated as DC). They were provided us by Frances C. James after they had been in captivity in Tallahassee, Florida, for 14 mo. We were interested in assessing, as information for possible future work, whether capacity for winter acclimatization would persist in these DC birds following prolonged maintenance in captivity. The aviary group in Ann Arbor also included house finches captured at Boulder, Colorado. Originally, we had hoped to assess capacity for cold acclimatization in individuals from Boulder, Colorado, introduced into the aviary shortly after capture in early October 1979. Unfortunately, most of these showed symptoms of avian pox following arrival in Ann Arbor and had to be destroyed. The survivors were augmented by replacements obtained from Boulder in December 1979 and by birds that had been captured at this locality in March 1978 and then sent to Dr. James in Tallahassee, Florida. These latter individuals, which we received from her in May 1979, had a history in captivity similar to that of the DC birds. The six Colorado birds used in cold stress tests in late January 1980 included two of the birds supplied by Dr. James, one of the early October group, and three of the December group. The latter had been in the Ann Arbor aviary for a month at the time of the tests. Again, we were principally interested in assessing for future reference the extent to which house finches would exhibit winter acclimatization in captivity.
While in captivity, all the house finches were fed a diet consisting of millet and sunflower seeds. Water and food were provided ad libitum.
ASSESSMENT OF COLD RESISTANCE
The extent of acclimatization of house finches to winter conditions was estimated by study of freshly captured representatives of the CA, CO, and MA populations in late January and/or early February ("Winter"). Observations on CA and CO birds were also made in May ("late spring"). May was chosen in preference to the summer months to avoid any complications associated with molt. As noted previously, CA, CO, and DC house finches being maintained in an outdoor aviary at Ann Arbor, Michigan, were tested in late January and early February.
Cold resistance was assessed primarily in terms of the duration of the period over which house finches could maintain appropriately high metabolic rates under severe cold stress. However, attention was also directed toward analysis of the highest metabolic rates attained during such stress. We refer subsequently to these as "peak metabolic rates" (see Dawson and Carey 1976, p. 327). Given the severity of this stress (see below), these rates probably approach closely summit metabolic rates (Giaja 1925) for house finches. However, it seems important to distinguish between the two in the absence of direct determination of the latter. Free-living birds were trapped in the late morning or early afternoon and then transferred to the laboratory, where they were weighed and provided with food and water ad libitum. Most were studied within 2-5 h, following their having had the opportunity to feed. A few were tested the next day, provided that their body mass equaled or exceeded that at capture.
In preparation for a test of cold resistance, a house finch was weighed and then placed in a weighted circular Plexiglas chamber 25 cm in diameter and 20 cm in height. This chamber was sealed, placed in a circular bath, and connected to an open-circuit metabolism system. Approximately 19 liters of chilled (ca. 0 C) ethanol was added to the bath, completely immersing the chamber and its copper inlet and outlet lines. Sufficient dry ice was then added to this fluid to cool it to approximately -70 C. The temperature of the air and the walls of the chamber cooled from approximately 23 C to < -60 C in 45-60 min. The details of procedure are described by Dawson and Carey (1976) .
Metabolism was measured as rate of oxygen consumption (Vo2). The rate of airflow through the metabolism system was maintained at approximately 1,420 cm3/ min. An Applied Electrochemistry S3A or a Beckman model E-2 oxygen analyzer was used to determine the fractional oxygen concentrations in dry, CO,-free incurrent and excurrent air, using the appropriate equation from Depocas and Hart (1957). The house finch was kept in the chamber as long as Vo2 rose or remained steady at a high level. If metabolic rate declined steadily for 5 min, the ethanol was quickly removed from the bath, and the bird, which invariably was becoming hypothermic, was taken from the chamber for measurement of body mass and body temperature (Tb). The latter was determined with either a Schultheis thermometer or a copper-constantan thermocouple (30-gauge duplex wire). Air and wall temperatures within the chamber were also measured with thermocouples used in conjunction with either a Honeywell recording potentiometer or a Kaye 8000 data logger. fig. 1 ). The CA birds could sustain high levels of heat production at Ta < -60 C for only 6.0 and 15.5 min, on the average, in late spring and winter, respectively. Results for the two seasons do not differ significantly. However, values for peak Vo2 (see Material and methods for definition) are significantly higher in winter than in late spring, whether the comparison involves total or mass-specific rates (table 2) .
MEASUREMENTS OF BODY COMPOSITION

CO(W)
Quite a different situation regarding seasonal changes in cold resistance is evident among CO house finches (table 1). Considerable variation is evident in the winter sample ( fig. 1 ). Colorado house finches at this season remained homeothermic at Ta < -60 C for approximately 11 times longer on the average than in late spring (97.5 vs. 8.8 min). The difference is highly significant. However, the peak values of Vo, do not differ significantly between the two seasons (table 2) .
Comparisons of CA and CO birds in the same season (table 1) provide further indication of the difference in extent of seasonal acclimatization at the two localities. The abilities of both CA and CO individuals to maintain homeothermy at Ta < -60 C do not differ significantly in late spring.
On the other hand, winter CO birds remained homeothermic significantly longer than their CA counterparts. In both late spring and winter, the CO birds had significantly higher total and mass-specific values for Vo, than did CA individuals (table 2) .
Cold resistance of free-living house finches from the Atlantic seaboard.-The MA house finches remained homeothermic at T. < -60 C for an average of 41.6 min (table 1, fig. 1 ). This performance is significantly better than that of free-living CA birds in the winter but significantly poorer than that of CO birds at this season. Peak metabolic values for the MA house finches do not differ significantly from those of CA individuals in winter on either a total or a mass-specific basis. However, they are significantly lower on either basis than those measured in CO birds at this season (table   2) .
Cold resistance of captive house finches.-The cold resistance of captive CA, CO, and DC house finches was determined in January 1980 after the birds had lived for approximately 1-6 mo in an (table 4) . In this case, the mass-specific values do not differ significantly, but the total rates do (P < .04).
BODY MASS AND COMPOSITION
Free-living house finches.--Through analysis of body composition in the CA and CO populations at different seasons, we examined the extent to which winter fattening occurs in house finches. In the course of our measurements we discovered that fat content, though quite variable, shows a weak tendency to increase through the daytime hours in CA birds (fig. 2) . Con- sequently, to facilitate meaningful comparisons, we have confined our analyses of body composition to individuals of the various populations captured in the afternoon. Information for such birds in our CA population is summarized in table 5. The only significant variation evident in this group over the study period, which extended from September to May, concerns lean body mass. This is significantly higher in December-February than it is in September-November. Body mass, body water, and fat content do not vary significantly over our sample period.
Information on body composition of CO birds in the afternoon is summarized in table 6, along with pertinent statistical comparisons. Although total body mass in this population does not vary significantly over the course of the year, lean dry body mass and total body water are significantly lower and higher, respectively, in JuneAugust than in December-February or September-November. Moreover, lean body mass is also significantly lower in June-August than in March-May, perhaps reflecting the entry of a juvenal cohort into the population. More pertinent to the matter of winter acclimatization is the extent of the variation in fat content of these CO birds over the year. Fat content averages Analysis of variance indicates that total body mass, body water, and body fat do not differ significantly between any two of the periods. However, lean dry body mass does show a significant difference between December-February and September-November (P = .005).
a CA = Riverside, Calif.
highest during December-February, differing slightly but significantly from the values for June-August and SeptemberNovember.
We were unable to obtain information on body composition of MA house finches. However, the Manomet Bird Observatory did provide us with data on body masses of these birds in August-December. These are summarized in table 7 together with comparable data on CA and CO birds. The information on body masses of the MA birds contains no indication of a winter fattening response, but the data are limited in extent, owing to small sample size and lack of information for January and February.
In the course of our measurements of body composition, we determined the dry mass of the contour plumage of some house finches to obtain a rough index of their insulation at various times of the year. The results are summarized in table 8. The most detailed information is available for the CO population. The apparent annual trend in mass of the contour plumage conforms to expectations based on the timing of the annual molt, which occurs predominantly during summer. The contour plumage is heaviest in the fall, declines over the intermolt period, and reaches a minimum in June-August. The mass of this plumage is significantly heavier in December-February than in June-August and significantly lighter than in September-November (table 8). Presumably, feather wear and loss contribute to the decline in plumage mass over the intermolt period.
Information was obtained for the CA population in only two periods, December-February and March-May (table 8).
Dry mass of the contour plumage does not differ significantly between them. The mean values for these periods are slightly lower than the corresponding ones for the CO birds, but the differences are not statistically significant.
Captive house finches.-We determined the body composition of representatives of our captive CA, CO, and DC populations during January and February. The results are summarized in table 9, together with information on free-living CA and CO birds in these same months. None of the captive populations differs significantly from another in body mass, body water, lean dry body mass, or fat content, despite the different histories of the three groups in captivity (see Sources of experimental birds). However, birds of each of these groups appear to have more fat than their freeliving counterparts. This prompted us to undertake detailed comparisons between wild and captive CA and CO birds. In the case of the former, body water and lean dry body mass are significantly lower and fat content is significantly greater in captive than in free-living house finches (table  8) . A somewhat different situation is evident for CO birds, for which both body mass and fat content are significantly greater in the captive than the free-living individuals (table 8) .
Extent offat utilization during cold stress tests at Ta < -60 C.--In hopes of estimating the amounts of fat utilized by house finches during cold stress tests, we compared the fat content of birds at the conclusion of these tests with that of unstressed representatives of the same group. In the case of our aviary birds, such a comparison fails to reveal a significant difference between unstressed and poststress individuals in either the CA, CO, or DC populations (table 10). For wild house finches, we confined ourselves to CA and CO individuals in winter owing to the brevity of the period over which late spring birds remained homeothermic at Ta < -60 C. We did not find a significant difference in the fat content of unstressed and poststress CA individuals. However, such a difference is evident (table 10) in the winter (early February) CO birds, which tended to maintain elevated rates of thermogenesis for an extended period at Ta < -60 C. 
Analysis of variance (ANOVA) indicates that no significant difference in total body mass exists between any of the periods. ANOVA does indicate the existence of significant differences in body water between periods (P = .042). Individual comparisons of body water with Scheff6 multiple t test are as follows
DISCUSSION EXTENT OF WINTER ACCLIMATIZATION IN FREE-LIVING HOUSE FINCHES
The prominence of the house finch in both the subtropics and tropics of western North America and Mexico and in temperature regions having rather severe winters makes of interest the nature and extent of winter acclimatization in various populations of this widely distributed species. Results of severe cold stress tests (table 1) establish that CO birds show significantly greater cold resistance in winter than in late spring. While improved relative to late spring, the cold resistance of these CO birds in winter is substantially less than that observed in American goldfinches from Michigan, which were tested under similar conditions. The house finches remained homeothermic at Ta < -60 C for an average of only 97.8 min (table 1) , whereas all the goldfinches did so for at least 3 h (Dawson and Carey 1976).
Under the conditions of our cold stress tests, no seasonal improvement in cold resistance was evident in free-living CA house finches from the relatively mild winter climate of the coastal slope of southern California. The geographic variability in winter acclimatization response indicated by comparison of these results with those for CO birds can be illustrated further by consideration of cold resistance of winter birds among our CA, CO, and MA populations. The MA and CO birds maintained homeothermy at Ta < -60 C significantly longer than the CA ones (table  1) . In turn, the CO house finches significantly surpassed the MA birds in this regard (table 1). The ranking of the three populations with respect to cold resistance seems best treated in relation to the thermal conditions under which the birds had been existing just before study. We have used the mean January (table 8) . This does not appear to differ significantly between winter and spring in the CO population, despite the significant difference in cold resistance evident between these times (table 1) . Moreover, the mass of the winter contour plumage of CO birds is not significantly heavier than that of the CA ones, even though a pronounced difference in cold resistance exists between these house finches at this season (table 1) CA birds (fig. 2) . This presumably reflects the replenishment of overnight losses. Our analysis also reveals that free-living CO birds have a significantly higher fat content during winter than in summer or fall, indicating winter fattening (table 6 ). In contrast, CA house finches display no significant seasonal variation in fat content from fall through spring (table  5) . More important, these CA birds have significantly less fat in winter than do CO individuals (table 6). This finding parallels the difference in cold resistance noted between the CO and CA populations at this season (table 1) We cannot decide from the data available on body mass of MA birds (table 7) whether winter fattening occurs in this population. These data do not indicate such an event, but they inadequately cover the January-July portion of the year. Even if more complete data on body mass were available, we would still need information on body composition to resolve the question of winter fattening in the MA population. We are led to this conclusion by the fact that the information on body mass of CA and CO birds does not accurately portray the stability or lability of fat content revealed by analysis of body composition (cf. tables 5 and 6 with the pertinent parts of table 7).
Although CO house finches do undergo winter fattening, the response is relatively modest compared with that in some other passerine birds, seasonal mean fat contents differing by only 0.5 g (table 6 ). However, 0.5 g of fat contains approximately 4.7 kcal (19.5 kJ), 1.6 times the energy required (2.9 kcal or 12.1 kJ) for thermogenesis over the 89 min separating the mean periods over which CO birds could remain homeothermic at Ta < -60 C in late spring and winter (tables 1, 2, 6 ). The minimum and maximum mean fat contents for this population (1.13 and 1.63 g, table 6) differ by a factor of 1.4. In most other species for which information is available, the comparable factor is at least 1.9: redpolls (Carduelis spp.), 2.8 ( Assessment of how readily house finches can mobilize glycogen and fat reserves was beyond the scope of this study. The topic merits investigation, particularly because both captive and free-living birds in winter entered hypothermia at Ta < -60 C with substantial fat reserves remaining (table  10) . We are also unable to determine whether differences in capacity for metabolizing energy substrates contribute to the seasonal and geographic differences in cold resistance that we found in free-living house finches ( 1982) . We did note some differences in peak metabolism among cold stressed house finches, but it is unclear whether these reflect differences in the extent to which a constant oxidative capacity is utilized or actual changes in this capacity. Free-living CA birds show significantly higher peak rates of oxygen consumption in winter than in late spring (table 2), despite the fact that cold resistance noted in our cold stress tests does not differ significantly between the two periods. However, a significant difference exists in the cold resistance, but not in peak metabolic rate (see Material and methods; Dawson and Carey [1976] , p. 327), of free-living CO house finches between winter and late spring (table 2). The peak values for metabolic rate in the CO birds in both winter and late spring significantly surpass the corresponding ones for free-living CA birds. This is also the case in comparison of CO and MA birds in winter. Unlike the situation within populations, differences in peak metabolic rate between populations of free-living house finches tend to parallel those in cold resistance. The situation regarding captive birds is more complicated in that some significant differences exist in total or mass-specific peak rates but not in both in a given comparison (table 4). The CA captives show a total peak rate that is significantly higher than that of free-living CA birds in winter, and this is associated with a significant difference in cold resistance. However, the two groups do not differ in mass-specific peak rates (table 3) . The CO captives show a peak mass-specific rate that is significantly higher and lower, respectively, than those of DC captives and CO free-living individuals in winter. However, the peak total rates for these groups do not differ significantly from one another (table 4) . Despite the differences in peak mass-specific rates, cold resistance does not differ significantly among these groups. We conclude that the level of peak metabolic rate is not a precise indicator of the status of house finches regarding cold resistance. This view is supported by metabolic comparisons be- (table 2) . These represent 5.8-and 6.4-fold expansions of BMR, respectively-figures approximating or surpassing that characterizing the more cold hardy American goldfinches and pine siskins. Endurance, as determined by extent of energy reserves and the capacity to mobilize and use them, rather than ability simply to increase heat production to a particular level appears to be the key in determining cold resistance as we have defined it through our cold stress tests.
COLD RESISTANCE OF CAPTIVE HOUSE FINCHES
We were apprehensive about utilizing captive house finches in our studies, because our work with American goldfinches revealed that confinement in aviaries disrupted winter fattening and reduced cold resistance (Dawson and Carey 1976). We believe that at least part of these effects are related to the proclivity of the goldfinches for developing coccidiosis in captivity. Fortunately, most of our house finches survived the period of captivity in Ann Arbor in excellent condition, despite, for some, the unnaturally short photoperiods associated with maintenance at latitude 42 C and relatively severe cold. The major finding of this portion of the study was that CA birds maintained under summer, fall, and winter conditions of southern Michigan developed significantly greater cold resistance than we found in their free-living counterparts in winter (ta
